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MALFUNCTION DETECTING APPARATUS 
FOR ON-VEHICLE CHARGING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims the benefit of earlier 
Japanese Patent Application No. 2004-118818 filed Apr. 14, 
2004, the description of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a malfunction detecting 
apparatus for on-vehicle charging systems, which ensures 
accurate detection as to whether or not a charging line from 
a generator to a battery on a vehicle has come off from the 
generator. 

2. Description of Related Art 
In general, detecting the disconnection of a charging line 

connecting a generator and a battery on a vehicle is one of 
the significant items for vehicle control. Concerning this 
detection, some methods have already been provided. For 
example, Such a method is known for a system having a 
sensing line for detecting battery Voltage, wherein battery 
Voltage and generator Voltage are compared. When the 
battery voltage is much lower than the generator Voltage, it 
is determined that the charging line has come off (or slipped 
off or put out of the connection). However, a current 
mainstream trend is to use a system wherein wiring Such as 
a sensing line is not employed. In Such a system, the above 
method that requires the sensing line is not applicable. 

For a system having no sensing line, a method is known, 
as disclosed in Japanese Published Unexamined Application 
No. 2002-027796, wherein a ripple waveform of an on 
vehicle generator is used to detect the coming-off condition 
of a charging line. 

Further, for a system in which Voltage to be generated is 
controlled by a regulator in response to a Voltage command 
transmitted from an engine ECU (electronic control unit), a 
method disclosed in Japanese Published Unexamined Appli 
cation No. H08-079981 is known. With this method, battery 
voltage detected by the engine ECU is compared with a 
command value for generation. And, when a difference 
between the battery Voltage and the command value is more 
than a threshold, the generator is determined as being in 
failure. 

The method disclosed in Japanese Published Unexamined 
Application No. 2002-027796 set forth above, however, has 
a difficulty in determining between malfunction and normal 
function at the time of high loading when ripples are large 
in a normal state (i.e. a state where a charging line has not 
come off, or at the time of low loading when ripples are 
small in a malfunction state. Such a difficulty is problematic 
in performing accurate detection. 
The method disclosed in Japanese Published Unexamined 

Application No. 08-079981 set forth above enables detec 
tion of any malfunction that a generator is involved in. 
However, the problem is that it is difficult to determine with 
this method whether the malfunction is caused by the failure 
of the generator or simply caused by the coming-off of a 
charging line. 
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2 
SUMMARY OF THE INVENTION 

The present invention has been made under the circum 
stances described above, and has as its object to provide an 
apparatus for detecting malfunction in an on-vehicle charg 
ing system, which ensures accurate detection of the coming 
off of a charging line connecting a generator and a battery. 

In order to achieve the above object, the present invention 
provides an apparatus for detecting a malfunction in an 
on-vehicle charging system provided with a generator driven 
by an on-vehicle engine and an on-vehicle battery connected 
with the generator via a charging line so that the battery is 
charged with power from the generator, the apparatus com 
prising: a first control unit controlling a generated condition 
of the generator and including a first voltage detector 
detecting a Voltage generated by the generator; a second 
control unit including a second Voltage detector detecting a 
Voltage across the battery; a communication line connecting 
the first and second control units; a communication device 
communicating, in a form of a digital signal, via the com 
munication line between the first and second control units, 
information about both the generated voltage detected by the 
first voltage detector and the battery voltage detected by the 
second Voltage detector; and a malfunction determination 
unit determining whether or not a malfunction occurs in the 
charging system on the basis of the communicated informa 
tion. 

According to the arrangement described above, generator 
Voltage or battery Voltage is transmitted and received 
through a communication line, so that the arrangement is 
applicable to a system having no sensing line for battery 
Voltage. Further, in this arrangement, detection of the pres 
ence of any malfunction in an on-vehicle charging system is 
performed by comparing generator Voltage and battery Volt 
age, whereby accurate detection is enabled, irrespective of 
what kinds or how many or how much electric load(s) are 
mounted on the vehicle. 
The comparison between generator Voltage and battery 

Voltage may also enable very accurate detection as to 
whether or not a generator is in failure, or a charging line 
simply comes off. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1 is a block diagram illustrating an arrangement of 

a malfunction detecting system according to a first embodi 
ment of the present embodiment; 

FIG. 2 is a flowchart showing a procedure of malfunction 
detection of an on-vehicle charging system according to the 
first embodiment; 

FIG. 3 is a block diagram illustrating an arrangement of 
a malfunction detecting system according to a second 
embodiment of the present embodiment; 

FIG. 4 is a time chart showing battery voltage and 
generator Voltage according to the second embodiment; 

FIG. 5 is a block diagram illustrating an arrangement of 
a malfunction detecting system according to a third embodi 
ment of the present embodiment; 

FIG. 6 is a block diagram illustrating an arrangement of 
a malfunction detecting system according to a fourth 
embodiment of the present embodiment; and 

FIG. 7 is a waveform chart showing control signals 
according to the fourth embodiment. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The best modes for implementing the present invention 
will now described in detail hereinafter through embodi 
ments provided below. 

(First Embodiment) 
FIG. 1 is a block diagram illustrating an arrangement of 

a malfunction detecting system for an on-vehicle charging 
system. 
The on-vehicle charging system according to a first 

embodiment comprises a generator 1 which generates elec 
tric power, being driven by an internal-combustion engine 
(not shown), a battery 4 which is charged by the generator 
1 through a charging line 2 to Supply power to an on-vehicle 
electric load 3 of a vehicle, and a generation control unit 7 
which is connected to an external control unit (hereinafter 
referred to as an ECU (electronic control unit) 6). 
The generator 1 is a typical three-phase AC generator in 

which field winding (not shown) receives a generated rotat 
ing magnetic field to allow armature winding (not shown) to 
generate AC current, and the resultant AC voltage is Sub 
jected to full-wave rectification to charge the battery 4. 

The generation control unit 7 comprises: a controller 8 for 
controlling generating conditions of the generator 1 in 
response to a control signal (voltage command) transmitted 
from the ECU 6; a generator voltage detector 9 for detecting 
generator Voltage VO of the generator 1 as an analogue 
value; and a transmitter 10 for converting the detected 
generator Voltage VO into a digital signal for transmission to 
the ECU 6. The ECU 6 comprises a control signal trans 
mitter 6A to collect various pieces of vehicle information 
and to produce and transmit, to the generation control unit 
7, a control signal indicative of a command for desired 
voltage to be generated by the generator 1. The ECU 6, 
which has a CPU and memories (not shown), functionally 
establishes the control signal transmitter 6A through soft 
ware processing carried out by the CPU. 

The controller 8 intermittently controls a field current that 
flows in a field winding of the generator 1, so that a 
generator Voltage VO of the generator 1 is adjusted in a 
controlled manner, corresponding to the Voltage command. 
The ECU 6 comprises: a receiver 11 for receiving the 

generator Voltage VO (digital signal) transmitted from the 
control unit 7 for conversion into an analogue value; a 
battery Voltage detector 12 for detecting Voltage generated 
by the battery 4 (i.e., battery voltage VB); a determining unit 
13 for determining whether or not the battery voltage VB has 
been reduced to below a predetermined value; a comparator 
14 for comparing the battery voltage VB and the generated 
voltage VO; and a malfunction detector 15 for detecting the 
presence of any malfunction in a charging system based on 
the results obtained from the determining unit 13 and the 
comparator 14. 

Referring now to a flowchart shown in FIG. 2, a procedure 
for detecting malfunction of an on-vehicle charging system 
will be described. 

In the control unit 7, the voltage VO (generator voltage) 
generated by the generator 1 is detected as an analogue value 
by the generator voltage detector 9 (step 10). The detected 
generator Voltage VO is converted into a corresponding 
digital voltage signal, which is then transmitted to the ECU 
6 from the transmitter 10 through the communication line 5 
(step 20). 

In the ECU 6, steps 30 to 90 as described below are 
executed. The Voltage signal transmitted from the generation 
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4 
control unit 7 is received by the receiver 11 and converted 
into a corresponding analog generator Voltage VO (step 30). 
The battery voltage detector 9 then detects the battery 

Voltage VB as an analogue value (Step 40) to compare the 
battery voltage VB with the generator voltage VO (step 50). 
When the generator voltage VO is higher than the battery 

voltage VB, the malfunction detector 15 makes a determi 
nation that “the charging line 2 has come off (step 60). 
Specifically, when the charging line 2 has come off, no 
charging is performed from the generator 1 to the battery 4. 
Thus, the battery voltage VB is gradually reduced while 
performing discharging to the current consumer 3. When the 
generator 1 is not in failure at this time, the generator Voltage 
VO of the generator 1 should be maintained at a certain level 
by the control unit 7, irrespective of the coupling conditions 
of the charging line 2. Accordingly, when the generator 
voltage VO is lower than the battery voltage VB, a deter 
mination can be made that “the charging line has come off.” 

In step 50, when the battery voltage VB and the generator 
Voltage VO are approximately equal, then the determining 
unit 13 determines whether or not the battery voltage VB is 
below a predetermined value (step 70). In case the battery 
voltage VB is lower than the predetermined value, i.e. in 
case the battery voltage VB and the generator voltage VO 
are approximately the same and both of them are lower than 
the predetermined value, the malfunction detector 15 deter 
mines that “the generator 1 is in failure' (step 80). In other 
words, in case the generator 1, per se, is in failure, both of 
the generator voltage VO and the battery voltage VB are 
reduced in the state where the charging line 2 has not come 
off. Accordingly, when the generator voltage VO and the 
battery voltage VB are approximately the same and both of 
them are reduced to below a predetermined value, a deter 
mination can be made that “the generator 1 is in failure.” 
On the other hand, in case the battery voltage VB is higher 

than a predetermined value, i.e. in case the battery Voltage 
VB and the generator voltage VO are approximately the 
same and both of them exceed the predetermined value, no 
malfunction should be present in the on-vehicle charging 
system, and thus the malfunction detector 15 determines the 
system as being “normal' (step 90). 

In the flowchart shown of FIG. 2, step 70 for determining 
whether or not the battery voltage VB is below a predeter 
mined value is executed after step 50 for comparing the 
battery voltage VB with the generator voltage VO. However, 
the processing at step 70 may be executed prior to that at Step 
50. Alternatively, step 50 and step 70 may be concurrently 
executed. 

According to the first embodiment, the generator Voltage 
VO is transmitted from the control unit 7 to the ECU 6 by 
way of the communication line 5. Thus, without having a 
sensing line for the battery voltage VB, comparison between 
the generator voltage VO and the battery voltage VB enables 
detection of malfunction in an on-vehicle charging system. 
As described above, the presence of malfunction in an 

on-vehicle charging system is detected by comparing the 
generator voltage VO and the battery voltage VB, so that 
accurate detection can be performed, regardless of what 
kinds or how many electric loads are mounted on the 
vehicle. 

In addition, the comparison between the generator Voltage 
VO and the battery voltage VB may also enable accurate 
detection as to whether or not the generator 1 is in failure, 
or whether or not the charging line 2 simply comes off. 

Incidentally, the determination processing at step S50 in 
FIG. 2 is able to include an additional condition that a 
difference between the generated voltage VB and the battery 
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voltage VB is larger than a given value. This additional 
condition can be combined with the foregoing condition of 
VO2VB. Thus, both the conditions are met, it is concluded 
that the charging line has come off (has been slipped off) at 
step S50. This raises noise endurance of the control. 

(Second Embodiment) 
Referring to FIGS. 3 and 4, a second embodiment of the 

present invention will now be described. In the present 
second embodiment and Subsequent embodiments, for the 
sake of avoiding the explanations from being redundant, the 
identical or similar components to those shown in the first 
embodiment are assigned to the same reference numerals as 
those in the first embodiment. 

FIG. 3 is a block diagram illustrating an arrangement of 
a malfunction detecting system of an on-vehicle charging 
system. 

In the present embodiment, as in the first embodiment, 
malfunction detection of an on-vehicle charging system is 
carried out by transmitting the generator Voltage VO from 
the control unit 7 to the ECU 6, and comparing the generator 
voltage VO with the battery voltage VB in the ECU 6. The 
present embodiment provides an example of a malfunction 
detecting system which can particularly detect the "coming 
off of a charging line' with an accurate manner. 

It is generally known that, once the charging line 2 
connecting the generator 1 and the battery 4 has come off. 
the previously generated current loses a destination to go, 
and turns into large Voltage (spike Voltage) to temporarily 
raise the generator Voltage VO of the generator 1. Thus, as 
shown in FIG. 4, when extremely large generator Voltage 
VOX has been transmitted from the control unit 7 to the ECU 
6, the charging line 2 can then be determined, with high 
probability, as being come off. 

To cope with this, in addition to the individual units 11 to 
15 described with regard to the first embodiment, the ECU 
6 of the present embodiment incorporates therein a recorder 
16 which can record the large generator voltage VOX when 
transmitted from the control unit 7. 

The ECU 6 functions such that, when the large generator 
voltage VOX has been recorded in the recorder 16, the 
malfunction detector 15 executes detection of malfunction in 
the charging system based on the results obtained from the 
determining unit 13 and the comparator 14. 

Specifically, as shown in FIG. 4, in case the battery 
voltage VB is reduced to below a predetermined value and 
the difference thereof from the generator voltage VO 
becomes greater than a predetermined value (time t2) after 
the large generator voltage VOX has been recorded in the 
recorder 16 at a time t1, then a determination is made that 
“the charging line has come off.” According to this method, 
determination of the "coming-off of a charging line' is made 
on the assumption that the large generator Voltage VOX has 
been transmitted from the control unit 7 to the ECU 6. 
Therefore, detection of the “coming-off of a charging line' 
can be performed with more accuracy than in the method 
described with respect to the first embodiment. 

(Third Embodiment) 
Referring to FIG. 5, a third embodiment of the present 

embodiment will now be described. 
FIG. 5 is a block diagram illustrating an arrangement of 

a malfunction detecting system of an on-vehicle charging 
system. 
The present embodiment provides an example in which 

malfunction detection of an on-vehicle charging system is 
performed by the control unit 7. 
The control unit 7 comprises, other than the controller 8 

and the generator voltage detector 9 as described in the first 
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6 
embodiment, a receiver 17 for receiving the battery voltage 
VB transmitted from the ECU 6, a comparator 18 for 
comparing the received battery voltage VB and the genera 
tor voltage VO, a battery voltage determining unit 19 for 
determining whether or not the battery voltage VB has been 
reduced to below a predetermined value, and a malfunction 
detector 20 for determining malfunction of an on-vehicle 
charging system based on the results obtained from the 
comparator and the determining unit 19. 
The ECU 6 is provided, other than the battery voltage 

detector 9 as described in the first embodiment, with a 
transmitter 21 for converting the battery voltage VB 
detected by the battery voltage detector 9 into a digital signal 
for transmission to the control unit 7. 

According to the arrangement described above, the bat 
tery voltage VB detected in the ECU 6 can be transmitted 
therefrom to the generation control unit 7 where the battery 
voltage VB is determined as having been reduced, and at the 
same time, presence of malfunction in an on-vehicle charg 
ing system can be detected based on the results of compari 
son between the battery voltage VB and the generator 
voltage V.O. Note that a procedure of malfunction detection 
of the on-vehicle charging system is executed in the same 
manner as in the procedure of steps 50 to 90 as illustrated in 
the flowchart of FIG. 2. 

(Fourth Embodiment) 
Referring to FIGS. 6 and 7, a fourth embodiment of the 

present invention will now be described. 
FIG. 6 is a block diagram illustrating an arrangement of 

a malfunction detecting system of an on-vehicle charging 
system. 
The malfunction detecting system of a fourth embodiment 

provides a method in which a peak voltage VP (Hi Voltage) 
of a control signal to be transmitted from the ECU 6 to the 
generation control unit 7 is rendered to be an identical value 
(see FIG. 7) with the battery voltage VB, and the voltage of 
the control signal and the generator Voltage VO are mutually 
compared to detect the presence of malfunction in the 
on-vehicle charging system. 
As shown in FIG. 6, the ECU 6 comprises a control signal 

transmitter 23 which transmits the peak voltage VP (High 
(Hi) voltage) of a control signal to the generation control 
unit 7, allowing it to be identical with the battery voltage VB 
obtained through a resistor 22. The control signal is for 
example a pulse-width modulated pulse signal depending on 
operating conditions of a vehicle in which the charging 
system is mounted. 
The generation control unit 7 comprises, as explained in 

the third embodiment, the controller 8, the generator voltage 
detector 9, and the comparator 18, the battery voltage 
determining unit 19 and the malfunction detector 20. The 
generation control unit 7 also comprises a peak voltage 
detector 24, instead of the receiver 17, for detecting the peak 
voltage VP of the control signal transmitted from the ECU 
6, and a peak voltage holding unit 25 for holding the 
detected peak voltage VP. 

Determination is made based on the results obtained from 
the comparator 18, in the similar way to that in the third 
embodiment. Specifically, when the battery voltage VB is 
higher than a predetermined value, a determination is made 
as being “normal, and when the battery voltage VB is lower 
than the generator voltage VO, it is determined that “the 
charging line has come off.” Further, when the generator 
voltage VO and the battery voltage VB are approximately 
the same, and at the same time, when both of the Voltages are 
reduced to below a predetermined value, it is determined 
that “the generator 1 is in failure'. 
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According to this method, information on the battery 
Voltage VB can be transmitted with a control signal, dis 
pensing with the necessity of separately transmitting a 
digital signal on the battery voltage VB. 

Also, as the peak voltage VP (Hi Voltage) of a control 
signal is equal to the battery voltage VB. Superimposition of 
noises or the like at the time of communication causes no 
misrecognition of a signal on the battery voltage VB. Thus, 
the presence of malfunction in an on-vehicle charging sys 
tem can be accurately detected. 

(Modification) 
The first to fourth embodiments described heretofore 

provide examples wherein the generator voltage VO is 
transmitted from the control unit 7 to the ECU 6, or wherein 
the battery voltage VB is transmitted from the ECU 6 to the 
control unit 7. However, other malfunction detecting sys 
tems may be provided. By way of example, a transmitter/ 
receiver device is arranged in both the control unit 7 and the 
ECU 6, so that the generator voltage VO or the battery 
voltage VB can be transmitted and received between the two 
units. At the same time, such units as required for malfunc 
tion detection in an on-vehicle charging system (including, 
for example, a comparator for comparing the battery voltage 
VB and the generator voltage VO, a unit for determining 
whether or not the battery voltage VB has been reduced to 
below a predetermined value, and a detector for determining 
the occurrences of malfunction in the on-vehicle charging 
system based on the results obtained from the comparator 
and the determination unit) may be arranged in both of the 
ECU 6 and the control unit 7. 
As described, the foregoing various embodiments pro 

vides a variety of features, of which typical ones will be 
listed below. 

For example, it is generally known that, when a charging 
line connecting a generator and a battery comes off, a 
generated current that has been flowing from the generator 
to the battery loses a destination to go, and turns into large 
Voltage (spike Voltage) to temporarily increase the generator 
voltage. When this extremely large voltage is transferred 
from a generator control unit to an external control unit 
through a communication line, it is anticipated that some 
malfunction (particularly, coming-off of a charging line) has 
occurred. Thus, in case high Voltage exceeding a predeter 
mined value is transferred from a generator control unit to an 
external control unit, the Subsequent comparison of the 
generator Voltage and the battery Voltage may provide much 
more accurate detection as to the presence of any malfunc 
tion in the on-vehicle charging system. 

Thus, a peak voltage (Hi Voltage) of a control signal 
transmitted from an external control unit to a generator 
control unit is rendered to be the same value as the battery 
Voltage, so that information on the battery Voltage can be 
transmitted with the control signal. As a result, the infor 
mation (digital signal) on the battery Voltage is no longer 
necessary to be separately transmitted from the control 
signal. At the same time, the generator control unit no longer 
is required to equip a receiver for receiving digital signals on 
the battery voltage. Thus, the malfunction detector can be 
structured at low cost. 

Since the Hi Voltage of the control signal equals to the 
battery Voltage, the signals on the battery Voltage cannot be 
misrecognized when Superimposed such as by noises at the 
time of communication, and thus the presence of malfunc 
tion in the on-vehicle charging system can be precisely 
detected. 
When a charging line comes off charging is no longer 

performed from the generator to a battery, and thus battery 
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8 
Voltage is gradually reduced by performing discharging to a 
current consumer (i.e., on-vehicle electric loads). The gen 
erator, if not in failure, is allowed to have a Voltage main 
tained at a certain level by a generator control unit, irre 
spective of the connecting conditions of the charging line. 
Accordingly, on condition that the generator Voltage is lower 
than the battery voltage and that the difference between the 
two Voltages is more than a predetermined value, it can be 
determined that “the charging line has come off.” 

For example, when a generator, per se, is in failure, both 
of generator Voltage and battery Voltage should be reduced. 
Accordingly, on condition that generator Voltage and battery 
Voltage approximately have the same value, and that both of 
the Voltages are lower than a normal voltage (e.g. regulated 
Voltage), it can be determined that “the generator is in 
failure. 

Without the occurrences of any malfunction (such as 
failure of a generator, or coming-off of a charging line) in an 
on-vehicle charging system, generator Voltage and battery 
Voltage should be at approximately the same level, and both 
of the Voltages can be maintained at a normal voltage (e.g. 
regulated Voltage). The system may then be determined as 
being “in normal.” 
The present invention may be embodied in several other 

forms without departing from the spirit thereof. The present 
embodiments and modifications as described are therefore 
intended to be only illustrative and not restrictive, since the 
Scope of the invention is defined by the appended claims 
rather than by the description preceding them. All changes 
that fall within the metes and bounds of the claims, or 
equivalents of Such metes and bounds, are therefore 
intended to be embraced by the claims. 

What is claimed is: 
1. An apparatus for detecting a malfunction in an on 

vehicle charging system provided with a generator driven by 
an on-vehicle engine and an on-vehicle battery connected 
with the generator via a charging line so that the battery is 
charged with power from the generator, the apparatus com 
prising: 

a first control unit controlling a generated condition of the 
generator and including a first voltage detector detect 
ing a voltage generated by the generator; 

a second control unit including a second Voltage detector 
detecting a voltage across the battery; 

a communication line connecting the first and second 
control units: 

a communication device communicating, in a form of a 
digital signal, via the communication line between the 
first and second control units, information about both 
the generated Voltage detected by the first voltage 
detector and the battery voltage detected by the second 
Voltage detector; and 

a malfunction determination unit determining whether or 
not a malfunction occurs in the charging system on the 
basis of the communicated information. 

2. The apparatus according to claim 1, wherein the 
communication device is configured to allow information 
about the generated voltage detected by the first voltage 
detector to be transmitted from the first control unit to the 
second control unit. 

3. The apparatus according to claim 2, wherein the 
malfunction determination unit is arranged in the second 
control unit. 

4. The apparatus according to claim 1, wherein the 
communication device is configured to allow information 
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about the battery voltage detected by the second voltage 
detector to be transmitted from the second control unit to the 
first control unit. 

5. The apparatus according to claim 4, wherein the 
malfunction determination unit is arranged in the first con 
trol unit. 

6. The apparatus according to claim 1, wherein the 
malfunction determination unit is configured to make a 
comparison between the generated Voltage detected by the 
first voltage detector and the battery voltage detected by the 
second voltage detector to determine whether or not the 
malfunction occurs in the charging system. 

7. The apparatus according to claim 1, wherein 
the second control unit has a circuit producing a command 

for a desired Voltage and transmitting the command to 
the first control unit via the communication line and 

the first control unit has a controller to control a generated 
condition of the generator in response to the transmitted 
command. 

8. The apparatus according to claim 2, wherein the second 
control unit further comprises 

a unit determining whether or not the generated Voltage 
transmitted from the second control unit is over a 
predetermined Voltage; and 

a recorder recording the generated Voltage when the 
generated Voltage is over the predetermined Voltage, 

wherein the malfunction determination unit is configured 
to make a comparison between the generated Voltage 
and the battery voltage to determine whether or not the 
malfunction occurs in the charging system in cases 
where the recorder records the generated voltage 
therein. 

9. The apparatus according to claim 7, wherein the 
communication device is configured to allow information 
about the battery voltage detected by the second voltage 
detector to be transmitted from the second control unit to the 
first control unit. 

10. The apparatus according to claim 9, wherein the 
malfunction determination unit is arranged in the first con 
trol unit. 

11. The apparatus according to claim 10, wherein the 
second control unit further comprises a control signal trans 
mitter transmitting the control signal to the first control unit, 
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a peak value of the control signal being equal in amplitude 
to the battery voltage so that information about the battery 
Voltage is Superposed on the control signal, 

wherein the malfunction determination unit is configured 
to make a comparison between the peak value of the 
control signal transmitted from the second control unit 
and the generated Voltage to determine whether or not 
the malfunction occurs in the charging system in cases 
where the recorder records the generated voltage 
therein. 

12. The apparatus according to claim 6, wherein the 
malfunction determination unit includes first means deter 
mining whether or not the battery voltage is lower than the 
generated Voltage and second means determining that the 
charging line has come off when the first means determines 
that the battery Voltage is lower than the generated Voltage. 

13. The apparatus according to claim 6, wherein the 
malfunction determination unit includes first means deter 
mining whether or not the battery voltage is lower than the 
generated voltage and a difference between the battery and 
generated Voltages is larger than a given value and second 
means determining that the charging line comes off when the 
first means determines that the battery voltage is lower than 
the generated voltage and the difference between the battery 
and generated Voltages is larger than the given value. 

14. The apparatus according to claim 6, wherein the 
malfunction determination unit includes first means deter 
mining whether or not the generated and battery Voltages are 
Substantially equal to each other and are lower than a normal 
value and second means determining that the generator is in 
failure when the generated and battery voltages are substan 
tially equal to each other and are lower than the normal 
value. 

15. The apparatus according to claim 6, wherein the 
malfunction determination unit includes first means deter 
mining whether or not the generated and battery Voltages are 
Substantially equal to each other and are lower than a normal 
value and second means determining that the generator is in 
normal operation when the generated and battery Voltages 
are Substantially equal to each other and are kept the normal 
value. 


